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Abstract
Surgical hepatic resection has been considered as the first-line treatment which is most effec-

tive and radical treatment for HCC, however, HCC is usually associated with poor liver func-
tion owing to chronic hepatitis or liver cirrhosis. Techniques that can eradicate the tumor and
also preserve liver function are needed.  Moreover, hepatic resection, in the presence of cirrho-
sis, raises special problem of high risk as hemorrhage and liver failure, thus, good clinical re-
sults can only be achieved by minimizing operative blood loss, time of the intervention as well
as the hepatic reserve. The tremendous progress in microwave technology has recently attract-
ed considerable attention. This study evaluated the feasibility of this new liver transection
technique demonstrating the high performance of this procedure, the accuracy in terms of
squeeze effect on veins and portal branch and in terms of reducing the intra operative blood
loss, and minimizing the operative time for safe hepatectomy.

Twenty-six consecutive patients a first-time diagnosis of hepatocellular carcinoma (HCC) on
top of liver cirrhosis were recruited for the study, from August 2011 to January 2013.All pa-
tients were subjected to full clinical examination, laboratory investigations, abdomen ultra-
sound (U/S), triphasic computed tomographic liver scan (CT) and dynamic magnetic reso-
nance imaging (MRI) in some doubtful cases. Inclusion requirements were presence of resec-
table disease without vascular invasion or extrahepatic spread at imaging, Child-Pugh class A
& B (Score 7) liver cirrhosis, (INR) < 1.6or platelet count ›60 000/mm3 with no previous
treatment. Patients were treated by applying pre-coagulation of the liver transection lines using
microwave probe positioned in parallel to the line of resection by open approach after intra-
operative U/S assessment for localization of the tumor and line of resection.

The procedures were performed under general anesthesia. Mobilization of the liver was not
necessary to be done in all cases. Intra-operative ultrasound (Aloka, Tokyo, Japan) was used to
exclude lesions not detected pre-operatively (operative surprise), to define the location, num-
ber and size of the tumor and to identify large intra-hepatic large vascular and biliary struc-
tures, and guide insertion of the microwave applicator. Intraoperative ultrasound was used
again, to assess that the line of resection was done. Primary endpoints documented were total
operative time, time for liver parenchyma transection, intraoperative blood loss and blood
transfusion requirements. Secondary endpoints included postoperative complications, mortali-
ty and intensive care unit (ICU) together with hospital stay.
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Introduction
Hepatocellular carcinoma (HCC) is the

fifth most common cancer and the third most
common cause of the cancer death in

Egypt (Nasr et al, 2014). Hepatocellular
carcinoma (HCC) therapies with curative
intention involve liver transplantation, surgi-
cal resection and ablation techniques (Min et
al, 2014). Surgical Hepatic resection has
been considered as the first-line treatment
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which is most effective and radical treatment
however, HCC is usually associated with
poor liver function owing to chronic hepati-
tis or liver cirrhosis (Abdel-Wahab et al,
2013). Therefore, techniques that can eradi-
cate the tumor and also preserve liver func-
tion are needed. Moreover, hepatic resec-
tion, in the presence of cirrhosis, raises spe-
cial problem of high risk as hemorrhage and
liver failure (González and Figueras, 2009).
Thus, good clinical results can only be
achieved by minimizing operative blood
loss, decreasing the operative time and with
acceptable parenchymal reserve. The tre-
mendous progress in microwave technology
has recently attracted considerable attention.
A single microwave antenna operating at
2.45 GHz for ablation can create a 4×6 cm
ablation in 4 minutes and a 5×7 in 8 minutes
in the protocol of ablation, while in the pro-
tocol of cutting the coagulation process
takes between 1-2 minutes to have a coagu-
lation distance of 2-3 cm. This technique is
much faster and creates a larger coagulation
zone (Jagad et al, 2007; Bhardwaj et al,
2010; Christian et al, 2011). Microwave
ablation (MWA) can be performed in cir-
rhotic patients with HCC with acceptable
morbidity and low recurrence rates; howev-
er, local recurrence remains a concern. The
microwave tissue coagulator has been de-
signed to reduce bleeding from the liver pa-
renchyma by coagulating the tissue before
liver transection. Liver pre-coagulation with
microwave technology is a novel and effi-
cient technique which allows non-
anatomical resection to be performed safely
and easily, and helps prevent intrahepatic
metastasis via portal flow during transection
with minimal morbidity and mortality for
liver transection (Tanaka et al, 2008; Reuter
and Martin, 2009; Eltawil et al, 2010; Imura
et al, 2012).  Here the present authors de-
scribe the treatment outcomes achieved at
our institutions for intraoperative use of the
microwave tissue pre-coagulation in hepatic
resection as part of our strategy for the
treatment of HCC.

Patients, Materials and methods
Twenty-six consecutive patients a first-

time diagnosis of hepatocellular carcinoma
(HCC) on top of liver cirrhosis were recruit-
ed for the study in the department of
Hepatobiliary surgery inthree centers (Na-
tional Hepatology and Tropical Medicine
Reasearch Institute (NHIMRI), Mokattam
Insurance Hospital and Dar El-Chefa Hospi-
tal) from August 2011 to January 2013.This
was a prospective study which was approved
by the Ethical Committee of National Hepa-
tology and Tropical Medicine Research In-
stitute (NHTMRI). Written informed con-
sent was obtained from each patient before
treatment. The diagnosis was based on relia-
ble clinical criteria fulfilling association with
viral hepatitis or liver cirrhosis, typical im-
aging findings, raised HCC-related tumor
markersnamely (alpha-fetoprotein AFP). In
suspicious cases histological confirmation
by tumor tissue biopsy is needed, according
to the Barcelona criteria of the European
Association for the Study of the Liver (Ian-
nitti et al, 2007).

All patients were subjected to full clinical
examination, laboratory investigations for
blood picture, coagulation profile, liver and
kidney functions testing, computed tomo-
graphic scan of the chest (CT), abdomen
ultrasound, triphasic computed tomographic
scan of the liver (CT), Dynamic MRI in
some doubtful cases and upper GIT endos-
copy for verification of oesophageal varices
and banding if Grade III or IV. The location
of the HCC was evaluated with abdominal
ultrasonography (US) confirmed with tri-
phasic computed tomographic scan of the
liver (CT). General requirements for inclu-
sion in our study were presence of resectable
disease, without vascular invasion or extra-
hepatic spread at imaging, Child-Pugh class
A and B (Score 7) liver cirrhosis, (INR) <
1.6or platelet count ›60 000/mm3 with no
previous treatment. Patients requiring major
hepatic resection (> three segments) were
excluded from this study. Any coagulopathy
was corrected before the procedure. Patients
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were treated by applying pre-coagulation of
the liver transection lines using microwave
probe positioned parallel to the line of resec-
tion by open approach after intra-operative
U/S assessment for localization of the tumor
and line of resection.

Operative Procedure
The procedures were performed under gen-
eral anesthesia. Prophylactic antibiotics were
routinely administered. An open laparotomy
was done via a right subcostal incision with
possible upper midline extension if neces-
sary or with a left subcostal extension in a
chevron fashion for the resection of the left
lobe tumor. The peritoneal cavity was thor-
oughly explored to exclude extrahepatic
metastases, and aspiration of any freely in-
tra-peritoneal fluid present for histopatho-
logical assessment. Mobilization of the liver
was not necessary to be done in all cases.
Intra-operative ultrasound (Aloka, Tokyo,
Japan) was used to exclude lesions not de-
tected pre-operatively (operative surprise),
to define the location, number, size of the
tumor, to identify large intra-hepatic large
vascular and biliary structures and guide
insertion of the microwave applicator. To
prevent thermal injury, surrounding organs
were isolated by wet towels. Microwave
generator in this study was (Model HS Hos-
pital Service S.p.A. Italy). This device emits
microwaves of 2.45 GHz in frequency and
12 cm in wavelength. Its maximum output is
150 watts. Microwave assisted liver resec-
tion was performed using a probe of 16
gauge diameter antennas of 19cm length.
Intraoperative ultrasound was used again, to
assess that the line of resection was done.
Then, Glisson’s capsule was incised with
monopolar diathermy, (Fig. I), and probe
was introduced perpendicularly into the liver
parenchyma (Fig. II) and the coagulation
started as soon as the needle is inserted into
the parenchyma. The antenna was progres-
sively inserted into the parenchyma with 1-2
minutes intervals (time for coagulation pro-
cess), when usually the color of the liver
parenchyma has been changed due to com-

plete coagulation of resection line, then the
procedure is repeated all through the line of
resection till the whole resection area is co-
agulated with the safety margin  and the
tumor was separated with a coagulation area
of the parenchymal tissue around (Figure
III),the liver parenchyma is dissected by
sharp blade or using the Monopolar dia-
thermy between the lesion and the remaining
liver leaving 2-3 cm safe oncological mar-
gin(Figure IV). For patients who have had
two tumors; the largest tumor was resected
as described above meanwhile; the smaller
tumor was totally ablated by the same mi-
crowave technology. Resected specimens
were sent for histopathological examination
for depth of tissue coagulation along the
tumor-negative transection margin (Fig. V).
Primary endpoints documented were total
operative time, time for liver parenchyma
transection, intraoperative blood loss and
blood transfusion requirements. Secondary
endpoints included postoperative complica-
tions, mortality and intensive care unit (ICU)
together with hospital stay. In all patients,
biochemical liver function tests were moni-
tored before and after resection. Values ex-
pressed as means ± SD. A paired t test was
used to compare liver function tests before
and after resection. P< .05 was considered
significant, while other values were ex-
pressed as number percentage or as median
Postoperative follow-up was carried out in
the early postoperative D1, D2, D3, D7, D14
(where D=day) by liver function, C.B.C and
renal profile, coagulation profile and chest
X-ray, together with U/S at D1, D3 & D14,
then follow-up was continued after a month,
then every 3 months during the following
one to two years by laboratory investigations
for liver function tests ,serum AFP, chest X-
ray, U/S and triphasic computed tomograph-
ic scan of the liver (CT).  The U/S and CT
were evaluated by a radiologist experienced
in liver radiology. Any intra- or extra-
hepatic recurrence was documented. The
main outcome measures were operative mor-
tality, morbidity and recurrence rate. The
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date of disease recurrence was dictated by
the first imaging study showing recurrence.
Local recurrence was defined as disease
occurring adjacent to the surgical site,
whereas remote recurrence was defined as
intrahepatic tumor occurring at a distant site.
Multifocal recurrence was defined as multi-
ple intrahepatic tumors at distant sites.

Results
The patients were 19 men and 7 women

with a median age of 53 (range, 42-68)
years. All patients were hepatitis C positive.
Histological findings revealed that all pa-
tients had HCC on top of liver cirrhosis. Six
patients belonged to Child’s B staging
(Score 7), while the rest were Child’s stage
A. The median tumor diameter was 3.8 cm
(range, 2-7cm). 23patients had solitary tu-
mors, and three patients had two tumors,
accidently discovered during intra-operative
U/S assessment (Tab.1). All the procedures
were completed as planned. Limited resec-
tion was performed in five patients, subseg-
mentectomy in eighteen patients, and seg-
mentectomy in three patients. The median
duration of the operation was 118 (range,
65-250) minutes with a median resection
time of 45 (range 30-80) minutes. The aver-
age time taken to coagulate the anticipated
liver transection plane was less than 15 min.
The median blood loss for resection was 165
(range, 100-750) ml. Intraoperative blood
transfusion was required in only one Child’s
B patient.  There was no postoperative mor-
tality. The median postoperative hospital
stay was 6 (range, 2-13) days. Three Patients
were admitted in ICU for 1-2 days.  Two
patients stayed in ICU ≥ 2days.All patients
had a postoperative increase of liver en-
zymes and serum bilirubin level which nor-
malized within 7-14 days (Tab. 2). Compli-
cations occurred in 20 (76.9%) patients, who
were fever in 18 patients and wound hema-
toma in two patients. Histopathology re-
vealed that the depth of tissue coagulation
was 3–5 mm. It provided an additional tu-
mor-negative margin at the resection border.
The median follow-up of patients was 7

(range, 4-12) months, and their treatment
outcomes are summarized in (Tab. 3). Dur-
ing follow up, recurrent tumors were noted
in two patients (7.69%) in the first six
months, while recurrence in 15 patients was
in two year follow up. Recurrent tumors
were all remote recurrence (distant recur-
rence of the same organ). All patients sur-
vived until the time of censorship.

Discussion
The major technical difficulty in liver re-

section for cirrhotic patients is related to a
higher risk of bleeding because of the pres-
ence of portal hypertension with portosys-
temic collaterals at the back of the liver, and
coagulopathy as a result of compromised
liver function or thrombocytopenia in pa-
tients with hypersplenism (Tarantino et al,
2009). Furthermore, maintaining adequate
liver function regardless of whether the re-
section is anatomic or not may be of greater
importance. No superiority was seen in sur-
vival and early tumor recurrence when HCC
was treated by anatomic resection (Teoh and
Farrell, 2003). But, small, non-anatomical
resection causes more bleeding. Techniques
for liver resection often require hepatic in-
flow occlusion (Pringle’s maneuver) during
transection of liver parenchyma (Matsumata
et al, 1991). Besides, clamping of hepatic
pedicles increases the potential risk of liver
dysfunction from ischemia-reperfusion inju-
ry particularly in patients with underlying
chronic liver disease (15, Pawella et al,
2014).The use of the microwave tissue coag-
ulator has been found to minimize blood
loss. Moreover, because of the more or less
bloodless intrahepatic surgical field, liver
transection could be carried out safer, faster
and easier (Huang et al, 2009; Percivale et
al, 2012; Habib et al, 2012).
The study described initial experience of
that innovative technique involving the use
of intra-operative microwave tissue pre-
coagulation in hepatic resection as part of
our strategy for the treatment of HCC. It was
found to offer bloodless liver resection field
without the use of sutures, surgical knots,
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clips, glue or hepatic pedicle clamp. When
this procedure is used carefully, the surgeon
can perform a liver resection with minimal
blood loss. Intraoperative blood transfusion
was required in only one of twenty-six pa-
tients operated upon by hepatic resection in

the present study. Also, the technique reduc-
es the anesthetic and operative time. There
was no postoperative mortality and the mor-
bidity is encountered is acceptable because
of the smaller surgical insult to the patient.

Table I: Demographic and clinical characteristics of patients
Item Variable

Male: Female ratio *N(%) 19(73%):7(27%)
Child–Pugh class*

A
B
C

20(76.9%)
6(23.1%)

0(0%)
Tumor size*

2 -3 cm
3 - 5 cm
≥5 cm

7 (29.3%)
11(42.3%)
8(30.6%)

Tumor nodularity* Uninodular 26(100%)
Tumor localization*

Right lobe
Left lobe
Bilobar

22 (84.6%)
3 (11.5%)
1(3.8%)

Serum AFP** (ng/ml) 586 (4.0-1295.6)
*Qualitative variables expressed as number (%), **quantitative variables expressed as median.

Table 2: Liver functions tests as mean ± SD before and after resection
Characteristics Postoperative assessments

Pre-Resection 1st Day 7th Day 14th Day
S. albumin (g/dl) 3.72±0.03 2.78±0.13 3.02±0.23 3.2±0.3
T. bilirubin (mg/dl) 1.03±0.79 2.03±0.04 1.06±0.39 0.9±0.1
AST (IU/L) 26.5±10.1 115.8±10.10 47.33±1.11 31±3
ALT (IU/L) 31.2±4.3 263±0.81 78.34±0.62 27±3

Table 3: Operative, Postoperative and Follow Up Data
Median blood loss, ml (range) 165 (100–750)
Median transection time, min   (range) 45(30–80)
Median total operation time, min(range) 118 (65-250)
Median hospital stay, days 6 (2-13)
Patients staying in ICU for ≥2 days, n 2
Complications

Fever
Wound hematomoa

18(69%)
2(7.69%)

Intrahepatic recurrence: Remote (away from resection margin) 2
Qualitative variables are expressed as number (percentage).

This coincides with literature review that
Child-Pugh grading, operating time, postop-
erative length of stay, and preoperative se-
rum albumin level were independent predic-
tors of morbidity in hepatectomized cases
(Gaujoux et al, 2011). In this small experi-

ence, the technique is easy to teach, and sur-
geons with a good knowledge of liver anat-
omy can apply it to non –anatomical as well
as segmental resections although the tech-
nique has not yet been used for a major liver
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resection. It may encourage surgeons to per- form more liver resections and popularize
liver surgery as a “safe” therapeutic modali-
ty in the management of liver tumors. This
technique represents a considerable step in
making laparoscopic liver resection safer
and more feasible for many liver surgeons
(Belli et al, 2009).

From the oncological point of view, non-
anatomical liver sparing resection has the
advantage of saving as much of liver paren-
chyma as possible in cirrhosis patients con-
sidering that anatomical resection was not
found more advantageous in terms of tumor
recurrence or survival in HCC patients
(Huang et al, 2014). Moreover, microwave
tissue pre-coagulation in hepatic resection
lines helps prevent intrahepatic metastasis
via portal flow due to tissue shrinkage and
dissection with permanent closure of vascu-
lar and biliary branches. The depth of tissue
coagulation of 3-5 mm provides an addition-
al tumor-negative margin at the resection
border. This technique also enables the sur-
geons to deal with accidently discovered
tumors intra-operatively (operative surprise),
by ablation in the same session during hepa-
tectomy.

Conclusion
The present results showed that surgical

microwave tissue pre-coagulation in liver
resection for hepatocellular carcinoma in
cirrhotic liver is safe and effective in reduc-
ing the blood loss and operative time, pre-
serving as much parenchyma as possible in
surgical treatment of HCC, and enables abla-
tion intra-operatively. It achieves an ac-
ceptable recurrence rate.Further studies are
needed to confirm this preliminary data to
extend surgical indication to major hepatic
resection and longer follow-up is required to
determine the long-term outcome of this
new modality.
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Figure 1:  Identification of resection margin by Diathermy
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Figure 2:   U/S guidance of Needle insertion

Figure 3:  Resection margin hemostasis

Figure 4:  Specimen after resection Figure 5:  Specimen opened with good resection margin


